A comparison of two treatments for sentence comprehension deficits in aphasia by Villard, Sarah Noelle
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2012
A comparison of two treatments for





SARGENT COLLEGE OF HEALTH AND REHABILITATION SCIENCES 
Thesis 
A COMPARISON OF TWO TREATMENTS FOR 
SENTENCE COMPREHENSION DEFICITS IN APHASIA 
by 
SARAH NOELLE VILLARD 
B.A., Binghamton University, 2003 
M.A., University of New Hampshire, 2009 
Submitted in partial fulfillment of the 
requirements for the degree of 






Swathi Kiran, Ph.D., CCC-SLP 
Associate Professor of Speech-Language Pathology 
David Caplan, M.D., Ph.D. 
Adjunct Professor of Speech-Language Pathology 
Elizabeth Hoover, MS, CCC-SLP, BC-NCD(A) 
Clinical Assistant Professor of Speech-Language Pathology 
Acknowledgments 
The author would like to acknowledge her committee members for their assistance and 
feedback on this project. She is also grateful to her friends and family for their support, 
as well as to her co-workers at Boston University's Aphasia Research Lab. 
ill 
Background: 
A COMPARISON OF TWO TREATMENTS FOR 
SENTENCE COMPREHENSION DEFICITS IN APHASIA 
SARAH NOELLE VILLARD 
ABSTRACT 
Several types of assessment measures have been used to examine sentence 
comprehension deficits in individuals with aphasia, including Sentence-to-Picture 
Matching (SPM) and Object Manipulation (OM). Each of these assessment tasks was 
adapted into a corresponding treatment method by Kiran et al. (2012). One focus of the 
current study was to compare the SPM treatment method to the OM treatment method. 
An additional goal was to investigate the cognitive and linguistic demands of each of 
these tasks, as well as how these demands may be altered when the tasks are adapted as 
treatment methods and used intensively with patients during therapy over a period of 
weeks. 
Data Analysis: 
Participants in Kiran et al.' s study were assigned to receive language therapy 
focusing on one of four syntactic structures and were assigned to one of two treatment 
groups (SPM or OM). The current study examined participant improvement on sentence 
comprehension screening batteries from pre- to post-treatment, paying particular 
attention to the respective gains made by participants in the SPM treatment group vs. 
the OM treatment group. 
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Results: 
Wilcoxon signed-rank tests revealed that, as a group, participants who 
completed the study made significant improvements, not only on comprehension of 
their respective trained syntactic structures within their respective trained, but also on 
comprehension of untrained structures within their respective trained tasks. However, 
when improvements in the SPM and OM participant groups were examined separately, 
some notable differences emerged. While SPM participants, as a group, showed 
significant improvement on their respective trained structures, as well as on untrained 
structures during an SPM assessment task, OM patients did not show significant 
improvement on either their respective trained or untrained structures during an OM 
assessment task. 
Discussion: 
It was found that while the SPM treatment method facilitated significant 
improvement on the SPM screening batteries from pre- to post-treatment on both the 
trained structure and the untrained structures within that task, the OM treatment 
method, however, did not facilitate similar improvement on the OM screening batteries. 
Differences in the observed efficacy of these two treatment methods are likely a 
function of the differences in their respective cognitive-linguistic demands. The 
advantage of the SPM treatment method may lie in the fact that it requires the 
participant to engage more deeply with sentence-level semantics. When adapted as a 
treatment method, the SPM task may provide more opportunity for individuals to 
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engage in syntactic-semantic processing, which in turn may result in increased 
improvement in the cognitive resources required for syntactic comprehension. 
Conclusions: 
The results of this study suggest an advantage of the SPM over the OM treatment 
method; however, further research is needed on the ways in which syntactic-semantic 
processing demands influence the efficacy of sentence comprehension treatment. 
vi 
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INTRODUCTION 
Numerous studies to date have investigated the nature of sentence 
comprehension deficits in aphasia. While much has been discovered about the ways in 
which particular language tasks are affected by these deficits, however, further research 
is needed on the relative efficacy of different sentence comprehension treatment 
methods. One goal of the current project, therefore, is to evaluate and compare two 
treatment methods for sentence comprehension deficits in aphasia and to offer several 
possible explanations for any observed difference in efficacy between the two methods. 
Another important motivation for the current project is to learn more about 
howthe demands of a sentence comprehensionassessment task might be altered when that 
task is adapted as atreatment method. Since sentence comprehension treatment methods 
are often closely modeled on assessment tasks, it may be tempting to assume that the 
demands placed on the patient are the same for the first as for the second. However, the 
cognitive and linguistic processes involved in particular assessment tasks may change 
when they are adapted as treatment methods and used over time during intensive 
treatment sessions. Understanding the demands that a treatment method places on a 
patient is essential in adiscussion of why that treatment method may or may not have 
been effective. The processing demands of the two sentence comprehension treatment 
methods in question will therefore be examined, giving careful consideration to how a 
treatment method might be different than the assessment task on which it was originally 
modeled. 
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Finally, the observed efficacy of each treatment method will be discussed in 
conjunction with the processing demands it likely places on the patient. By bringing 
these two considerations together, it may be possible to offer an explanation as to why 
one treatment method might be superior to another. It is hoped that these conclusions 
will provide further insight into the nature of sentence comprehension deficits in 
aphasia, as well as how these deficits can best be targeted in therapy. 
REVIEW OF THE LITERATURE 
Accounts of Sentence Comprehension Deficits in Aphasia 
In planning any treatment method, it is always important to consider the likely 
source of the targeted deficit so as to be able to designa relevant and effective treatment 
protocol. Before delving into the details of any treatment methods, therefore, it will be 
useful to discuss two central theories regarding the possible source of sentence 
comprehension deficits in aphasia. 
It has been found that aphasic patients whodisplay good grammaticality 
judgment on a variety of sentence types may nevertheless lack the ability to reliably 
identify the semantic meanings of similar sentences in a sentence-to-picture matching 
task(Linebarger, Schwartz, & Saffran,l983). Thisdichotomy would suggest that while 
these individuals have retained the ability to parse sentences, they areunable to take the 
next step of extracting from the constituents of a given sentence theappropriatesemantic 
meaning.Given this distinction, several explanations behind these deficits have been 
offered. While not necessarily mutually exclusive, these theories differ somewhat in 
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their explanations of sentence comprehension deficits in aphasia. 
The Trace Deletion Hypothesis, posited by Grodzinsky (2000) and based on 
Chomsky's (1995) theory of syntactic structure, posits that sentence comprehension 
deficits in aphasia are due to an impaired ability to co-index traces in non-canonical 
sentences. However, the fact that grammaticality judgment ability is often preserved in 
aphasic patients (among other criticisms) calls Grodzinsky's account of a purely 
syntactic deficit into question. Another theory that puts forth a relatively syntactically-
based deficit is the mapping theory. This theory suggests that aphasic patients are able 
to "compute" syntactic structures but have lost the ability to "exploit" these structures 
by assigning thematic roles to determine semantic meaning ( e.g.,Schwartz, Linebarger, 
& Saffran, 1985; Linebarger, 1995). In other words, syntactic comprehension abilities 
arise somewhere in the interface between syntax and semantics. Studies in which 
aphasic patients have been found to use both syntactic and semantic information to 
interpret sentences (e.g., Saffran, Schwartz, & Linebarger, 1998) offer support for the 
mapping theory. 
In contrast, the resource reduction theory of sentence comprehension deficits in 
aphasia argues that difficultyin extracting the semantic meaning of a sentence arises 
from a combination of more generalized impairments that may also affect other, non-
language-related cognitive processes. Specifically, it is thought that patients with 
aphasia experience reduced abilities in the verbal working memory, phonological 
store/rehearsal, and short-term semantic memory systems (Caplan et al., 2007). 
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According to this theory, these patients may actually retain the ability to parse and 
interpret the meanings of sentences; however, theirbroader deficits preclude efficient 
execution of these processes.In another study on sentence comprehension in aphasic 
patients, Caplan, Waters, and Hildebrandt (1997) found that the main determining factor 
for accuracy levels on sentence comprehension tasks was the complexity of the sentence, 
complexity comprising both the canonicity of the sentence (non-canonical sentences 
were more difficult for aphasic patients to understand) and the number of propositions 
(sentences with more propositions were more difficult to understand).According to the 
resource reduction theory, an impairment in nonlinguistic functions was what made 
these more complex sentences difficult to process. 
Interestingly, evidence of generalized resource reduction in aphasia has also 
been found in studies examining other kinds oflanguage tasks, ones not focused on 
syntactic comprehension. For instance, Tseng, McNeil, and Milenkovic (1993) 
administered single-word phonemic and semantic category judgment tasks to both 
healthy control subjects and aphasic patients. Results suggested an intact ability to judge 
phonemic and semantic attributes of target words but impaired performance on the task 
due to attention allocation deficits. 
The current study, a comparison of two different treatment methods for sentence 
comprehension deficits in aphasia, may potentially be able ,to add some relevant 
information to the discussion of these theories. If one treatment method is found to 
facilitate greater gains than the other, then exploring the respective processing demands 
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of eachof the methods mayhelp explain why one holds an advantage over the other and 
offer more insight into the nature of sentence processing in aphasia. 
Assessment Tasks that Assess Sentence Comprehension Deficits 
Several types of assessment measures have been used to examine sentence 
comprehension deficits in individuals with aphasia. Such measures include the 
aforementioned grammaticality judgment tasks (e.g.,Wulfeck, Bates, & Capasso, 1991; 
Kim & Thompson, 2000; Wilson & Saygin, 2004; Faroqi-Shah & Dickey, 2009) and 
sentence-to-picture matching tasks (e.g.,Caplan & Waters, 1997; Caramazza et al., 2005; 
Wassenaar & Hagoort, 2007; Caplan et al., 2007), as well asplausibility judgment tasks 
(e.g., Caramazza & Zurif, 1976; Saffran & Schwartz, 1994; Ferreira, 2003), truth-value 
judgment tasks (e.g.,Cupples & Ingliss, 1993; Salis & Edwards, 2009),and object 
manipulation- also known as object enactment- tasks (e.g.,Caplan et al., 2007; Salis & 
Edwards, 2009). 
The current project focuses in on two of the above types of sentence 
comprehension assessment tasks: Sentence-to-Picture Matching (SPM) and Object 
Manipulation (OM). SPM and OM lend themselves to direct comparison because both 
these tasks require the patient to demonstrate comprehension of a sentence by 
processing visual stimuli; however, they differ from each other in terms of the precise 
nature of the visual stimuli, as well as how the patient is asked to demonstrate her/his 
comprehension. Because SPM and OM are so closely related, comparing patient 
performance on these two tasks (as previous studies have done, e.g., Caplan et al., 2007, 
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Salis & Edwards, 2009) canprovide us with more information about the nature of 
syntactic processing in aphasia . 
Before discussing the similarities and differences between the SPM and OM 
assessment tasks, it will be helpful to describe exactly what each of these tasks requires 
the patient to do. In the SPM task, the patient hears a sentence spoken aloud and is 
presented with two pictures: (1) a targ~t picture depicting the meaning of the sentence, 
and (2) a foil picture depicting a reversal of the thematic roles in the sentence. For 
instance, if the sentence "The boy was kicked by the girl" is presented, the target picture 
depicts a girl kicking a boy and the foil picture depicts a boy kicking a girl. The patient is 
instructed to choose the picture that matches the meaning of the sentence. 
In the OM task, the patient also hears a sentence spoken aloud. However, in this 
task paper dolls depicting the noun phrases present in the sentence are placed on the 
table, and the patient is instructed to manipulate the paper dolls to perform the action in 
the sentence by placing one doll on top of another to indicate who is doing the action 
and who is receiving the action. For instance, if the sentence is "The train was hit by the 
truck", a "train" paper doll and a "truck" paper doll would be placed on the table in 
random order.The target response would be for the patient to pick up the "truck" doll 
and place it on top of the "train" doll. Patients are typically screened prior to 
administration of either of these two tasks to ensure that they are able to receptively 
identify images of each noun used in the task stimuli. 
The items in both the SPM and the OMassessment taskgenerally consist of a 
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variety of sentence types presented in random order, so that there is no way for the 
patient to predict which sentence type might come next. Sentence types often include 
canonical active sentences (e.g., "The woman followed the uncle), as well as various 
types of non-canonical sentences such as passive (e.g., "The man was pushed by the 
boy"), cleft object (e.g., "It was the woman who the girl greeted"), and object relative 
(e.g., "The girl who the boy followed poked the woman"). 
Note that while both the SPM and the OM task provide the patient with visual 
images, they provide different types of images (see Appendix B for examples of stimuli 
for both tasks). Specifically, the SPM task provides a visual representation of the 
sentence-level meaning, while the OM task only provides visual representations of the 
referents of individual nouns. This distinction will be relevant later on during a 
discussion of the treatment methods based on each of these two tasks. 
Several studies have compared the SPM and OM assessment tasks in order to 
determine whether patient accuracy levels differ in any significant way between the two. 
This is an important issue to investigate, particularly if we are to consider the possibility 
that sentence comprehension deficits in aphasia are due to the reduction of resources 
such as verbal working memory and short-term semantic memory. If the explanation for 
sentence comprehension deficits does in fact lie in resource reduction, and if patients 
achieve different accuracy levels on the SPM vs. OM tasks, then it may be the case that 
SPM and OM require different levels of cognitive resources. The following are several 
studies that have explored the differences between the SPM and OM assessment tasks. 
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A study by Salis and Edwards (2009) compared four different assessment tasks 
for sentence comprehension: an SPM task with two possible choices, an SPM task with 
four possible choices, an OM task, and a truth-value judgment task. They found that 
there were effects of task but were unable to draw definitive conclusions about whether 
the SPM or OM assessment task was more difficult. In comparing the SPM to the OM 
assessment task, Caplan and colleagues (Caplan, Waters, & Hildebrandt, 1997; Caplan, 
Dede, & Michaud, 2006, Caplan et al., 2007) have found little, if any, evidence of task-
specific deficits in patients with aphasia: if a given patient scored well on the SPM task, 
she was likely to score well on the OM task as well. While Caplan, Waters, & 
Hildebrandt (1997) did observe higher overall scores on the SPM task across patients, 
the authors speculated that this phenomenon was probably due in part to the effects of 
guessing. This is a plausible explanationbecause aSPM task item always offers the 
patient a two-option choice (i.e. a 50% chance of guessing correctly), while there are 
more than two possible ways to enact some OM task items (e.g., on some sentences there 
might beonly a 33% chance of guessing correctly) .A patient who was not able to 
comprehend any of the sentences and guessed on every item, then, would almost 
certainly score higher on the SPM task than the OM task. 
The authors of one study (Caplan, Dede, & Michaud, 2006) looking for patterns 
in task/structure -specific/independent deficits conclude that this lack of task-specific 
deficits in aphasia is due to the "dual-task nature" shared by the SPM and OM tasks, 
explaining that "although goal-directed comprehension appears to be seamlessly 
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integrated with the performance of many operations that constitute sub-goals of the 
entire task .. .it is in fact always an instance of a continuous dual-task situation, in which 
the two tasks are the assignment of sentence meaning and the use of that meaning to 
accomplish a task" (p. 919).Caplan et al. (2007) also investigated patient performance 
patterns on different syntactic comprehension tasks and concluded that errors were due 
not to particular tasks or syntactic structures but rather to a reduction of resources. 
Given the evidence presented by Caplan and colleagues, there does not seem to 
be anyclear or significant differences in patient accuracy levels onthe SPM vs. OM 
assessment tasks, suggesting that the two tasks may in fact recruit similar processing 
systems. Researchers do, however, continue to propose ways in which SPM and OM 
may differ in terms of processing demands, challengingthe "dual-task" conclusion of 
Caplan and colleagues. 
For example, it has been argued that the OM assessment task involves an 
additional step that is absent in the SPM task: that of formulating a plan for 
demonstrating comprehension of the sentence (Hamburger & Crain, 1984; Shankweiler 
et al., 1989). If this is true, it is worth considering the possibility that the OM assessment 
task may place a higher demand on nonlinguistic cognitive resources than the SPM task, 
demands which could adversely impact linguistic processing. 
Salis and Edwards (2009), too, speculated that the OM assessment task may be 
particularly difficult for patients during processing of non-canonical sentences. They 
found that within the OM task there was a difference in patient performance on 
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canonical vs. non-canonical sentences, such that accuracy levels for non-canonical 
sentences were lower. Given these results, they suggested that the interaction of reduced 
executive resources required for planning during the OM task and the need for complex 
syntactic processing poses a particular challenge for patients with aphasia. 
Conversely, it is also possible that the SPM task requires additional processing 
demands beyond those required by the OM task. Cupples and Inglis (1993) attributed 
aphasic patients' difficulty with the SPM assessment task to its high nonlinguistic 
cognitive demands. Specifically, the authors speculate that the working memory needed 
to process the two "semantically incongruous" picture choices may overtax 
patients' working memory resources, resulting in low accuracy levels. Although Cupples 
and Inglis did not include administration of the OM assessment task in their study, we 
cannot assume that the OM task places identical demands on working memory. If, for 
example, the SPM task places higher demands on working memory than the OM task 
does, then a reduction of that resource might have a greater impact on SPM 
performance; conversely, if OM places higher demands on working memory then that 
task might be the more difficult one.Although the differences between the processing 
demands of the SPM and the OM assessment tasks have not yet been pinpointed, it 
seems plausible, given the suggestions of the above studies, that differences may in fact 
exist, even despite the relative similarity in accuracy levels between the two tasks. 
The next step is to examine the work that has been done on SPM and OM when 
they are adapted from assessment tasks into treatment methods, while continuing to keep in 
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mind the ways in which processing demands may differ. It is possible that while these 
two tasks do not elicit substantial differences in patient performance when used as 
assessments, there may in fact be important differences in the respective linguistic 
and/or cognitive processes each one targets, differences which may only emerge when 
the tasks are implemented over a longer duration of time and in the context of 
treatment. 
TREATMENT FOR SENTENCE COMPREHENSION DEFICITS 
Overview 
A primary goal in uncovering the root of sentence comprehension deficits in 
aphasia is to work towards developing effective therapy methods that facilitate 
measurableimprovement in this area. The discussion thus far has focused exclusively on 
the differences between SPM and OM when used as two different assessment tasks for 
evaluating sentence comprehension deficits. However, each of these two tasks hasbeen 
adapted into a correspondingtreatment method targeting sentence comprehension 
deficits. The focus of the present study will be on examining these two tasks as two 
different treatment methods. Using data collected during a previous study (Kiran et al., 
2012), the current study will comparethe relative effectiveness of SPM vs. OM in 
facilitating improvement in sentence comprehension by looking closely at the respective 
gains achieved by patientswho underwent sentence comprehension treatment 
usinganSPM-based treatment method vs. patientswho underwent similar treatment 
using an OM-based treatment method. 
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Sentence Comprehension Treatment Study 
The analyses of the current study are based on data collected by Kiran and 
colleagues during a2012 study on sentence comprehension treatment in aphasia. As the 
study assigned some patients to receive only the SPM treatment and some to receive 
only the OM treatment, it is an appropriate context to investigate the efficacy of each of 
the two treatment methods. Whilesome previous research (e.g., Jacobs & Thompson, 
2000) had investigated treatment based on the SPM assessment task, the study by Kiran 
et al. was the first to directly compare SPM-based treatment with OM-based treatment. 
The treatment method for both the SPM and OM treatment groups was aimed at 
teaching the patient to map thematic roles using visual stimuli. 
Participants:Kiran et al. (2012) recruited 15 aphasic individuals (10M, 5 F) from 
hospitals and other healthcare facilities in the Boston area to participate in a sentence 
comprehension treatment study. Patients ranged from 29 to 73 years in age, with a mean 
age of 57 years and standard deviation of 11.5 years. All patients presented with aphasia 
secondary to a CVA; time post-onset ranged from 6 to 147 months, with a mean of 55 
months and standard deviation of 43 months. See Table 1 for a list of patients and 
demographic information. 
12 
Table 1: Patient Demographic Information and Treatment Assignments 
Patient Age Months Post-Onset Race Sex Trained Task Trained Structure 
BUMA03 67 72 w F SPM object relative 
BUMA07* 29 6 B M SPM cleft object 
BUMA08 62 54 w F SPM unaccusative 
BUMA13 63 93 w M SPM passive 
BUMA15 59 18 w M SPM cleft object 
BUMA16 56 76 w M SPM passive 
BUMA17* 73 36 w F SPM object relative 
BUMA23 65 32 w F SPM unaccusati ve 
BUMAOS 54 111 w M OM cleft object 
BUMAlO 65 60 w M OM object relative 
BUMAll 59 147 w M OM passive 
BUMA14 63 96 w M OM passive 
BUMA20 45 15 w M OM cleft object 
BUMA21 39 9 w F OM object relative 
BUMA24 59 6 w M OM unaccusative 
SPM = sentence to picture matching; OM= object manipulation; F = female; M = male; W = 
white; B =black 
*Patient withdrew without completing the study 
Participants in Kiran et al.'s study underwent pre-treatment and post-treatment 
testing, as well as ongoing testing during the treatment period. Table 2 provides a visual 
summary of the study's experimental design: 
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Table 2: Experimental Design of Kiran et al. (2012) study 
Step 1 Step 2 Step3 Step 4 
Continued pre-
treatment testing for 
patients in the SPM 
Pre-treatment noun 
treatment group: 
and verb tests for all 
three SPM monitors 
patients (to check Pre-treatment SPM (items consist of 6 Patients are assigned different sentence 
auditory and OM screeners for 
to one of two structures) 
comprehension of all patients (items 
treatment groups: Continued pre-individual nouns and consist of 12 different 
verbs used sentence structures) SPMorOM treatment testing for 
throughout the patients in the OM 
study) treatment group: 
three OM monitors 
(items consist of 6 
different sentence 
structures) 
Step 5 Step 6 Step 7 
SPM treatment for Post-treatment SPM patients (target 
testing for SPM 
structure differs from 
patient to patient), 2x patients: three SPM 
monitors( items 
per week, as well as 
consist of 6 different Post-treatment SPM 
an SPM monitor 1x 
sentence structures) and OM screeners for per week 
OM treatment for all patients (items 
OM patients (target Post-treatment consist of 12 different 
testing for OM sentence structures) 
structure differs from 
patient to patient), 2x patients: three OM 
monitors( items 
per week, as well as 
consist of 6 different 
an OM monitor 1x 
sentence structures) 
per week 
Pre-treatment Noun and Verb Tests: Patients underwent several screening 
measures to determine eligibility for the study. First, a noun test was administered in 
order to check each participant's auditory comprehension of the nouns involved in the 
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monitoring and treatment materials. Patients were given two pictures and asked to 
choose the one that matched an auditorily-presented stimulus word. A verb test with a 
parallel design was also administered in order to check auditory comprehension of the 
verbs involved in the monitoring and treatment materials. Patients were required to 
achieve an acceptable level of accuracy on both these tests. Accuracy levels for the 
enrolled participants ranged from 86.9% to 100% correct on the noun test (mean= 95%, 
standard deviation= 4.4%) and from 68.8% to 100% correct on the verb test (mean= 88%, 
standard deviation= 8.2%). 
Pre-treatment SPM and OM screeners: Next, an SPM and an OM assessment task 
(referred to hereafter as "screeners") were each administered in order to determine each 
patient's ability to comprehend twelve different sentence structures. Four of these 
structures were potential treatment assignments (for a list of sentence types and 
examples of each, see Appendix B). Each screener contained 110 items in total, including 
15 examples of each of the four treatment assignment structures and 10-15 examples of 
each of the other eight structures. Patients were eligible for enrollment in the study if 
their accuracy level on at least one of the four treatment assignment structures in either 
the SPM or OM task was at or below chance. 
Treatment Group Assignment: Patients were then assigned to either the SPM or 
OM treatment group, as well as to a specific syntactic structure. Since there were two 
possible treatment tasks (SPM and OM) and four possible treatment structures (object 
relative, cleft object, passive, and unaccusative), a total of eight different treatment 
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assignments were available. See Table 1 for patient treatment assignments. 
Pre-Treatment Monitoring Batteries: Before beginning treatment, patients also 
underwent three monitoring batteries to establish baseline accuracy and stability on 
their trained structure and task.Each monitor contained 75 items in total, including 10-15 
examples of each of the four treatment assignment structures and 10 examples of each of 
the other two structures (3 Noun Phrase and Object Relative w/Complex Noun Phrase). 
Treatment: The eight patients assigned to the SPM treatment method (two of 
whom later withdrew from the study) received therapy twice a week using a protocol 
based on the SPM assessment task. Similarly, the seven patients assigned to the OM 
treatment method received therapy twice a week using a protocol based on the OM 
assessment task. The steps of this protocol for both SPM and OM patients are listed in 
Table 3, using the passive sentence "The aunt was kissed by the man" as an example1. 
Note that while the SPM and OM protocols do differ from each other in terms of the 
nature of the visual stimuli, the essentialtreatment steps remain the same throughout. 
1The exact steps for each sentence structure differed slightly depending on the sentence 
structure (e.g., object relative sentences contain three noun phrases and therefore require 
an additional set of steps), but the basic protocol remained the same. Each patient was 
trained exclusively on a list of fifteen sentences within her assigned sentence structure. 
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Table 3: Treatment Protocol for SPM and OM 
Step SPM treatment OM treatment 
Two pictures are placed on the table in front Two paper dolls are placed on the 
1 
of the patient, a target and a foil. The foil table in front of the patient, one 
picture depicts the same action as the target, depicting an aunt and one depicting a 
but the agent and theme are reversed. man. 
The clinician reads the sentence "The aunt The clinician reads the sentence "The 
2 
was kissed by the man" aloud and asks the aunt was kissed by the man" aloud 
patient to choose the picture that matches the and asks the patient to use the dolls to 
meaning of the sentence. perform the action in the sentence. 
3 
The patient chooses a picture and is given The patient attempts to enact the 
feedback about her choice. action and is given feedback. 
The clinician removes the foil picture from The clinician places a sentence strip 
4 the table and places a sentence strip with the with the target sentence underneath 
target sentence underneath the target picture. the dolls. 
The clinician reads the sentence aloud and [same as SPM] 
5 explains its meaning, e.g., "The aunt was kissed by the man. In this sentence, the man 
is kissing the aunt." 
The clinician trains the agent of the sentence [same as SPM, but patient is asked to 
by saying, "In this sentence, 'The aunt was point to the correct paper doll] 
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kissed by the man,' the man is the one doing 
the action." The patient is asked three times 
to indicate who is doing the action, either 
verbally or by pointing. 
The clinician trains the theme of the sentence [same as SPM, but patient is asked to 
by saying, "In this sentence, 'The aunt was point to the correct paper doll] 
7 
kissed by the man,' the aunt is the one 
receiving the action." The patient is asked 
three times to indicate who is receiving the 
action, either verbally or by pointing. 
The clinician trains the entire sentence again [same as SPM] 
by saying "In this sentence, 'the aunt was 
kissed by the man,' the man is kissing the 
8 aunt. So, even though the aunt is in the 
beginning of the sentence, she is actually 
receiving the action. The man is the one who 
is doing the action." 
9 
The clinician returns the foil picture to the The clinician repeats steps 1-3. 
table and repeats steps 1-3. 
SPM = sentence to picture matching; OM= object manipulation 
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Ongoing Treatment and Monitoring Batteries: A monitoring battery containing 
examples of the four treatment structures, as well as two additional control structures (3 
Noun Phrase and Object Relative with Complex Noun Phrase), was administered to 
each patient once per week during the treatment period to monitor progress on the 
trained structure and task, as well as on other structures within the trained task. 
Post-Treatment Monitoring Batteries: Patients also underwent three additional 
post-treatment monitoring batteries. 
Post-Treatment Screeners 
Finally, after the post-treatment monitoring batteries had been completed, the 
110-item screeners- both the SPM and the OM versions in most cases- were once again 
administered to each participant. The order of presentation of items on each of these 
measures was reversed during this second administration. Refer toTables 4 and 5 for 
pre-treatment and post-treatment screener scores for SPM and OM patients, 
respectively, on both the trained and the untrained task. 
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Table 4: SPM Patient Performance on Pre- and Post-Treatment Screeners 
BUMA03 BUMA17 BUMA15 BUMA07 
Structure Trained: OR OR oc oc 
Sentence Type Pre Post Pre Post Pre Post Pre Post 
3NP 100% 100% 20% 80% 80% 80% 
active 90% 100% 60% 60% 70% 30% 
raising NP 70% 100% 50% 70% 80% 60% 
object cleft 100% 90% 50% 60% 70% 50% 
object control 90% 90% 60% 60% 70% 30% 
object relative 50% 90% 30% 60% 80% 30% 
OR complex NP 100% 100% 20% 20% 80% 80% 
passive 70% 100% 90% 90% 90% 60% 
pronoun 90% 100% 90% 90% 70% 40% 
reflexive 70% 100% 90% 90% 100% 70% 
subject control 90% 100% 70% 80% 90% 20% 
unaccusative 100% 100% 80% 90% 100% 50% 
TOTAL 84% 97% 63% N/A 73% 82% 47% N/A 
BUMA13 BUMA16 BUMA08 BUMA23 
Structure Trained: PA PA UNACC UNACC 
Sentence Type Pre Post Pre Post Pre Post Pre Post 
3NP 60% 20% 40% 80% 20% 80% 60% 40% 
active 60% 50% 80% 80% 70% 40% 40% 60% 
raising NP 60% 80% 70% 30% 60% 30% 20% 30% 
object cleft 30% 40% 40% 50% 30% 60% 40% 60% 
object control 50% 50% 50% 70% 30% 50% 50% 60% 
object relative 40% 60% 40% 60% 30% 60% 70% 40% 
OR complex NP 60% 60% 60% 40% 40% 80% 40% 60% 
passive 30% 40% 10% 50% 60% 50% 70% 80% 
pronoun 60% 50% 20% 50% 60% 50% 50% 70% 
reflexive 70% 100% 100% 100% 10% 60% 60% 90% 
subject control 30% 80% 30% 70% 30% 40% 20% 70% 
unaccusative 80% 100% 80% 100% 60% 100% 60% 100% 
TOTAL 52% 62% 52% 66% 43% 56% 48% 65% 
19 
Table 5: OM Patient Performance on Pre- and Post-Treatment Screeners 
BUMA10 BUMA21 BUMA05 BUMA20 
Structure OR OR oc oc Trained: 
Sentence Type Pre Post Pre Post Pre Post Pre Post 
3NP 20% 100% 100% 100% 80% 100% 100% 100% 
active 80% 100% 100% 100% 100% 100% 90% 50% 
raising NP 10% 80% 100% 90% 60% 0% 80% 20% 
object cleft 100% 100% 100% 90% 40% 70% 60% 100% 
object control 50% 100% 100% 90% 60% 100% 90% 80% 
object relative 60% 40% 60% 50% 20% 0% 0% 50% 
OR complex NP 20% 20% 20% 0% 0% 0% 0% 60% 
passive 100% 100% 100% 80% 70% 80% 100% 100% 
pronoun 50% 90% 80% 90% 30% 80% 90% 90% 
reflexive 0% 100% 100% 90% 0% 100% 100% 20% 
subject control 40% 60% 90% 90% 80% 10% 90% 30% 
unaccusative 0% 100% 100% 90% 100% 100% 100% 100% 
TOTAL 56% 85% 89% 83% 55% 63% 77% 64% 
BUMAll BUMA14 BUMA24 
Structure PA PA UNACC Trained: 
Sentence Type Pre Post Pre Post Pre Post 
3NP 60% 20% 0% 20% 0% 20% 
active 60% 20% 70% 50% 30% 10% 
raising NP 10% 0% 20% 50% 30% 10% 
object cleft 40% 40% 20% 70% 40% 30% 
object control 30% 20% 10% 30% 0% 30% 
object relative 0% 10% 10% 0% 0% 0% 
OR complex NP 0% 20% 0% 0% 0% 0% 
passive 60% 80% 40% 50% 20% 20% 
pronoun 10% 50% 30% 60% 20% 10% 
reflexive 80% 60% 30% 0% 10% 0% 
subject control 10% 10% 10% 70% 20% 20% 
unaccusative 100% 100% 100% 100% 50% 90% 
TOTAL 39% 37% 31% 45% 20% 21% 
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Results and Conclusions 
Based on the results of their study, Kiran et al. (2012) concluded that both the 
SPM and the OM treatment methods were effective in facilitating improvement on 
comprehension of noncanonical sentences in aphasia, and found no statistically 
significant advantage of either treatment method over the other. They did, however, 
note that only 2 of the 6 patients assigned to the SPM treatment method met the 
treatment criteria on their trained structure, while 4 of the 7 patients assigned to the OM 
treatment method met the treatment criteria on their trained structure. In discussing 
possible reasons for this apparent difference in improvement, the authors discuss the 
differences between the SPM and OM treatment methods, speculating that perhaps the 
fact that more patients trained on OM met the treatment criteria had something to do 
with the involvement of a motor plan. 
The focus of the current project is slightly different: to extend the results of Kiran 
et al. by furtherexarnining the pre-treatment and post-treatment screener data collected 
during that study.Several factors point to the pre-treatment and post-treatment 
screeners as being perhaps the best tools for measuring true improvement in 
comprehension ability, which is of course the ultimate goal of a sentence comprehension 
study. For one thing, while a version of the monitoring batteries was administered to the 
participants many times before, during, and after the treatment period, the screeners 
were administered to the participants only twice in total - once at the very beginning of 
the study and once again at the very end, reducing any test-retest effects. In addition, 
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while the screeners did contain many of the same items as the monitors, they also 
included additional verbs that were not seem on the monitors (e.g., "bleed", "bury"), as 
well as six additional sentence structures not seen on the monitors (actives, object 
control, subject control, pronoun-as-object, noun phrase raising, and reflexive). 
Furthermore, because the screeners included twelve total sentence types, twice as many 
as the monitors, patients had less of an opportunity to predict which sentence type 
might come next. Finally, we also hope to widen the definition of what constitutes 
"improvement": while Kiran et al. focused on the trained structure, an analysis of 
improvement on other, untrained structures on the screeners will provide information 
about whether patients improved only on their trained structure or also improved their 
ability to comprehend sentences in general. 
For these reasons, a close examination of the pre-treatment and post-treatment 
scores is warranted. The current study will analyze patient performance on the pre-
treatment and post-treatment screeners in several different ways, focusing consistently 
on the difference in improvement achieved by patients in the SPM treatment group vs. 
that of patients in the OM treatment group. 
CURRENT PROJECT: RESEARCH QUESTIONS AND EXPERIMENTAL DESIGN 
Broadly stated, the goal of the current project is to investigate both the SPM and 
the OM treatment methods by comparing the pre-treatment to post-treatment screener 
scores for the patients in each treatment group. The broadquestions being asked, in 
other words, are: does weeks of training in the SPM treatment method for sentence 
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comprehension result in improvedaccuracy on a sentence comprehension assessment 
test? And does weeks of training in the OM treatment method result in 
improvedaccuracy on a similar test? Statistically analyzing the data as they relate to 
these questions and discussing these results in the context of the differences between the 
SPM and OM treatment methods will provide us with information about whether these 
two treatment methods differ in their ability to address sentence comprehension deficits 
in aphasia. We will then be better equipped to delve into possible differences in their 
respective processing demands and draw conclusions as to why they may differ. 
Research Questions 
1. How do patient accuracy levels on the SPM assessment task at baseline differ from patient 
accuracy levels on the OM assessment task at baseline? Before performing any analyses 
on SPM and OM as treatment methods, it is logical to compare baseline performance 
on the two tasks when used as assessment measures. Kiran et al. (2012) administered 
both SPM and OM pre-treatment screening batteries to each patient prior to 
administering treatment; these scores can therefore be examined as a measure of 
baseline performance on the two tasks. As mentioned previously, Caplan, Waters, 
and Hildebrandt (1997) found that patient accuracy levels were higher on the SPM 
task than on the OM task; the purpose of this first analysis is to determine whether 
Kiran et al.' s baseline performance data yielded similar results. 
2. Which treatment, SPM or OM, results in greater improvement on thetrained structure, 
trained task from pre- to post-treatment screener? A primary goal of the Kiran et al.(2012) 
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study was to determine whether or not intensive treatment on a particular syntactic 
structure (e.g., passives or unaccusatives) within a particular task (i.e. SPM or OM) 
facilitated improvement on that structure/task combination in testing conditions. The 
current project therefore begins its investigation of treatment effects here, using 
scores from the pre-treatment and post-treatment screeners as the outcome measure 
and analyzing the two treatment groups (SPM and OM) both together and 
independent! y. 
3. Which treatment method, SPM or OM, results in greater improvement on theuntrained 
structures, trained taskfrom pre- to post-treatment screener? Another key issue in 
investigating true gains in sentence comprehension is whether or not intensive 
treatment on a particular structure and task can facilitate improvement on other, 
untrained sentence structures within the same task. For example, would a patient 
trained exclusively on the passive-OMstructure/task combination be likely to 
improve her accuracy levels on comprehension of other, untrained syntactic 
structures in OM testing conditions from pre-treatment to post-treatment? The 
current project' sinvestigation of this question mirrors the analysis in Research 
Question 2, again using scores from the pre-treatment and post-treatment screeners. 
4. Which treatment, SPM or OM, results in greater improvement on the untrained task from 
pre- to post-treatment screener? Although Research Questions 2 and 3look at a 
patient's improvement as measured by an assessment task corresponding to her/his 
treatment method (i.e. measuring improvement on the SPM task for patients trained 
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on the SPM task and measuring improvement on the OM task for patients trained on 
the OM task), it is also important to investigatewhether patients improved on the 
other assessment task, the one that did not correspond to their assigned treatment 
method. For example, did a patient in the SPM treatment group improve on her OM 
screeners from pre- to post-treatment? Did a patient in the OM treatment group 
improve on his SPM screeners from pre- to post-treatment? 
5. Is there any relationship between success in treatment and overall improvement on the pre-
and post-treatment screeners in the trained task? Kiran et al. (2012) established a specific 
set of criteria to determine whether or not each patient improved on her trained task 
and trained structure. This final question looks to see whether or not there is any 
correlation between meeting the treatment criteria and achieving significant gains on 
the screeners from pre- to post-treatment. 
Participants 
As the current project consisted of further analysis of data collected by Kiran et 
al. (2012), the same participants were involved (please refer back to Table 1 for 
demographic information). 
Materials 
Likewise, the materials used to collect the data for the current project were 
identical to the materials used by Kiran et al. (2012). Refer to Appendix A for a list of 
sentences used as stimuli and Appendix B for sample SPM and OM visual stimuli. 
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CURRENT PROJECT: DATA ANALYSIS AND RESULTS 
The statistical analysis computer program SPSS was used for all analyses. 
Research Question 1 
How do patient accuracy levels on the SPM assessment task at baseline differ from patient 
accuracy levels on the OM assessment task at baseline? 
To answer this question, we examined patient performance on the pre-treatment 
screening batteries. The following spreadsheet was created for this analysis: 





















































The mean score on the SPM pre-treatment screening batteries was 63.4% accuracy, whereas 
the mean score on the OM pre-treatment screening batteries was 46.2%. A non-
parametric Mann-Whitney U-test on each patient's average SPM vs. OM score (collapsed 
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across structures) revealed that SPM accuracy levels were significantly higher than OM 
accuracy levels (U = 2.63, p = .009). 
Research Question 2 
Which treatment, SPM or OM, results in greater improvement on the trained structure, trained 
task from pre- to post-treatment screener? 
To address this issue, we examined patients' scores on the Screener items within 
their respective trained structures and trained tasks, from pre-treatment to post-
treatment. For example, a patient trained on OM-passive contributed a pre-treatment 
score on OM-passive sentences and a post-treatment score on OM-passive sentences, 
whereas a patient trained on SPM-object relative contributed a pre-treatment score on 
SPM-object relative sentences and a post-treatment score on SPM-object relative 






































































BUMA14 OM passive 40% 50% 
BUMA24 OM unaccusative 50% 90% 
Three Wilcoxon paired signed-rank testswere performed on the above data: 
a) The first Wilcoxon test looked at each patient's accuracy level on her/his 
respective trained structure within her/his respective trained task, from pre-
treatment to post-treatment. This analysis revealed that patients, on the whole, 
showed significant improvement on their respective trained structure and 
trained task (N = 13, Z = 2.48, p = .013). 
b) The second Wilcoxon test was identical to the first except that it only included 
data from patients trained using the SPM treatment method. This analysis 
revealed that revealed that the group of patients trained using the SPM method 
showed significant improvement on their respective trained structures (N = 6, Z = 
2.20, p = .028) 
c) The third Wilcoxon test was again identical except that it only included data 
from patients trained using the OM treatment method. This analysis revealed 
that the group of patients trained using the OM treatment method did not show 
significant improvement on their respective trained structures (N = 7, Z = 1.35, p 
= .18). 
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Research Question 3: 
Which treatment, SPM or OM, results in greater improvement on the untrained structures, 
trained taskfrom pre- to post-treatment screener? 
To address this issue, we examined patients' scores on the screener items within 
their respective untrained structures within their trained task, from pre-treatment to 
post-treatment. A score on the untrained structures was calculated for each patient by 
averaging together their scores on their respective eleven untrained structures, both on 
the pre-treatment and post-treatment screeners. For example, a patient trained on OM-
passive contributed a pre-treatment score that was calculated by averaging her scores on 
every type of OM sentence structure except passives (as well as a post-treatment score 
calculated in the same way), whereas a patient trained on SPM-object relative 
contributed a pre-treatment score that was calculated by averaging his scores on every 
type of SPM sentence structure exceptSPM-object relative (as well as a post-treatment 

















Table 8: Spreadsheet for Research Question 3 
Trained 
ratne as T . dT k s tructure 
object 
SPM relative 
SPM object cleft 
SPM passive 
SPM passive 






OM object cleft 











































Once again, three Wilcoxon paired signed-rank tests were performed on this 
data. These three tests mirrored the three Wilcoxon tests performed in Research 
Question 2, except that this time each patient's average performance on her/his eleven 
untrained structures was used. 
a) The first Wilcoxon test compared each patient's average accuracy level on her/his 
respective untrained structures within her/his respective trained task, from pre-
treatment to post-treatment. This analysis revealed that patients, on the whole, 
showed significant improvement on their respective untrained structures and 
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trained task (N = 13, Z = 2.06, p = .039). 
b) The second Wilcoxon test was identical to the first except that it only inclu ded 
data from patients trained using the SPM treatment method. This analysis 
revealed that the group of patients trained using the SPM method showed 
significant improvement on their respective SPM untrained structures (N = 6, Z = 
2.20, p = .028). 
c) The third Wilcoxon test was again identical except that it only included data 
from patients trained using the OM treatment method. This analysis revealed 
that this group of patients did not show significant improvement on their 
respective OM untrained structures (N = 7, Z = 0.338, p = .735). 
Research Question 4: 
Which treatment, SPM or OM, results in greater improvement on the untrained task from pre-
to post-treatment screener? 
To analyze this question, we ran six Wilcoxon tests, identical to the ones in 
Research Questions 2 and 3, except that this time we looked at performance on each 
patient's untrained task. In other words, for patients trained using the OM treatment 
method, performance on SPM data was considered; whereas for patients trained using 
the SPM method, performance on OM items was considered. Except for this difference, 
the spreadsheets used in these analyses wereidenticalto those used in Research 
Questions 2 and 3: 
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a) The first Wilcoxon test compared each patient's accuracy level on her/his 
respective trained structure within her/his respective untrained task, from pre-
treatment to post-treatment. For example, a patient trained on OM-passive 
contributed a pre-treatment score on SPM-passive sentences and a post-
treatment score on SPM-passive sentences, whereas a patient trained on SPM-
object relative contributed a pre-treatment score on OM-object relative sentences 
and a post-treatment score on OM-object relative sentences. No significant 
results were found (N = 13, Z = 1.47, p = .141). 
b) The second Wilcoxon test was identical to the first, except that it only included 
data from patients trained using the SPM treatment method. Again, no 
significant results were found (N = 6, Z = 1.07, p = .285). 
c) The third Wilcoxon test was again identical to the first, except that it only 
included data from patients trained using the OM treatment method. Again, no 
significant results were found(N = 7, Z = .94, p = .345). 
d) The fourth Wilcoxon test compared each patient's average accuracy level on 
her/his respective eleven untrained structures within her/his respective 
untrained task. Again, no significant results were found(N = 13, Z = .49, p = .625). 
e) The fifth Wilcoxon test was identical to the fourth, except that it only included 
data from patients trained using the SPM treatment method. Again, no 
significant results were found (N = 6, Z = 1.21, p = .225). 
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f) The sixth and final Wilcoxon test was again identical to the fourth, except that it 
only included data from patients trained using the OM treatment method. Again, 
no significant results were found (N = 7, Z = .734, p = .463). 
Research Question 5: 
Is there any relationship between success in treatment and overall improvement on the pre- and 
post-treatment screeners in the trained task? 
To answer this question, each patient's performancewas examined individually, with 
an eye to any apparent trends or lack thereof.According to Kiran et al. (2012), four of the 
seven patients trained on the OM task (BUMAlO, BUMA20, BUMAll, and BUMA24) 
and two of the six patients trained on the SPM task (BUMA16 and BUMA23) met the 
study's criteria for improvement. The study listed the criteria for efficacious treatment as 
a rise in accuracy from at or below chance to above chance on the trained structure, 
along with either a rise in accuracy on the trained structure of at least 33%oran effect 
size on the trained structure of at least 2.6. 
In order to do a patient-by-patient comparison of success in treatment and 
observed success in treatment, a Wilcoxon test was performed on each patient's pre-
treatment to post-treatment screener scores, across all twelve syntactic structures. An 
example of the spreadsheet used for this Wilcoxon test (for one patient, BUMAlO, who 
was in the OM treatment group) is the following: 
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With the results of these Wilcoxon tests for each patient, it was possibleto 
determine whether or not a particular patient achieved overall improvement on the 
screeners. With this information, it was then possible to look for trends across patients. 
See Table 10 for a breakdown of whether or not each patient met the treatment criteria 
set forth by Kiran et al., compared with whether or not s/he improved significantly 
across all syntactic structures from pre-treatment to post-treatment screener. 
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Table 10: Comparing Success in Therapy with Overall Improvement on Screeners 
Met Results of Wilcoxon test 
therapy Overall significant on improvement on 
Patient Trained Task criteria? imErovement on screeners? screeners 
BUMA03 SPM No Yes z = 2.17, p = .030 
BUMA08 SPM No Approaching significance z = 1.88, p = .0597 
BUMA13 SPM No No z = 1.58, p = .114 
BUMA15 SPM No Approaching significance z = 1.94, p = .053 
BUMA16 SPM Yes No z = 1.68, p = .093 
BUMA23 SPM Yes Approaching significance z = 1.88, p = .0597 
BUMAOS OM No No z = 0.53, p = .594 
BUMAlO OM Yes Yes z = 2.43, p = .015 
BUMAll OM Yes No z = 0.18, p = .859 
BUMA14 OM No No z = 1.58, p = .114 
BUMA20 OM Yes No z = 0.91, p = .363 
BUMA21 OM No Yes z = 2.19, p = .028 
BUMA24 OM Yes No z = 0.42, E = .674 
SPM = sentence to picture matching; OM= object manipulation 
Given the results presented in Table 10, there does not appear to be any 
association between success in treatment and improvement on the screeners. There were 
two patients (BUMAlO and BUMA23) who both met the criteria for h er/his trained 
structure and showed overall significant (or near-significant) improvement on the 
screeners, four patients who met the therapy criteria for their trained structure but did 
not show overall improvement on the screeners (BUMA20, BUMAll, BUMA24, and 
BUMA16), four patients who did not meet the treatment criteria but did show significant 
(or near-significant) overall improvement on the screeners (BUMA21, BUMA08, 
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BUMA15, and BUMA03), and five patients who neither met the criteria for their trained 
structure nor showed overall improvement on the screeners (BUMAOS, BUMA14, and 
BUMA13). Since no clear pattern emerges from these results, there is no reason to 
assume a relationship between success in treatment (i.e. improvement on a specific 
trained structure, as measured by Kiran et al., in press) and overall improvement on the 
screeners. 
CURRENT PROJECT: DISCUSSION 
Implications of Results 
To begin with, the current study's comparison of patient baseline scores on the 
SPM assessment task vs. the OM assessment task yielded results roughly similar to 
those found in previous studies by Caplan and colleagues, namely that baseline SPM 
accuracy levels are higher than OM accuracy levels. It seems, then, that the explanation 
offered by Caplan, Waters, and Hildebrandt (1997)- i.e., that this effect is likely a 
function of the fact that random guessing will result in higher accuracy levels on the 
SPM task than on the OM task- is a good one. This is, in fact, an important caveat to 
keep in mind when considering the results of the current study. Patients always have a 
50% chance of guessing correctly on any given SPM assessment item, whereas OM items 
differ somewhat in terms of how successful a guessing strategy is likely to be. It is 
certainly possible that this difference in chance levels may have influenced this study's 
results, as performance on SPM tasks is often directly compared to performance on OM 
tasks. 
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From the analyses of pre-treatment and post-treatment performance on the 
screeners, it was revealed the SPM treatment method facilitated significant improvement 
on the SPM screeners from pre- to post-treatment on both the trained structure and the 
untrained structures. The OM treatment method, however, did not facilitate significant 
improvement on the OM screeners from pre- to post-treatment on either the trained 
structure or the untrained structures.More specifically, it was found that SPM patients, 
as a group, improved significantly on their respective trained structures from pre-
treatment screener to post-treatment screener, whereas OM patients, as a group, failed to 
demonstrate similar improvement. 
Additionally, it was found that not only did SPM patients show significant 
improvement on their trained structure on the screeners, they also, as a group, showed 
overall improvement on their untrained syntactic structures on the SPM screeners, 
despite the fact that these untrained structures included sentence types (e.g., reflexive, 
subject control, etc.) that the patients did not encounter either during therapy or on the 
weekly monitoring probes. Again, OM patients failed to demonstrate similar 
improvement on their untrained structures on the OM screeners. While improvement on 
the trained syntactic structure is certainly an important outcome variable to consider, the 
broader, overarching goal of any sentence comprehension treatment should be to help 
patients improve their overall ability to understand spoken sentences of a variety of 
syntactic structures, not just the trained structure. For this reason, the observed 
advantage of the SPM treatment method in facilitating improvement on untrained 
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sentence structures is of great importance, as it may indicate that the SPM treatment 
method helps patients to improve their sentence comprehension across the board. 
In considering these results, note that while Kiran et al. chose to use patient 
scores on the monitoring batteries when measuring improvement on the trained 
structure, we chose here to use patient scores on the screeners instead. Because the 
monitoring batteries only included six different possible syntactic structures, as opposed 
to twelve different structures like the screeners, the screeners may be a more difficult 
test- and therefore a more authentic measure of improvement on the trained structure. 
Furthermore, the post-treatment screeners were the very last test administered to the 
patients in this study: sometimes a week or more passed between the administration of 
the final monitoring batteries and administration of the post-treatment screeners. This 
means that in order to do well on the screeners, patients would have needed to maintain 
their improved level of comprehension for several weeks following the cessation of 
treatment. For these reasons, the fact that patients trained on the SPM method showed 
significant improvement on their respective trained structures as measured by the pre-
treatment and post-treatment screeners suggests that these patients truly mastered their 
trained structure. Not only could they recognize and comprehend that structure when it 
was mixed together with eleven other structures, they could do so several weeks after 
their treatment had ended. OM patients, however, did not show significant 
improvement as a group, suggesting that they were not as successful in mastering their 
trained structure. 
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Another revealing finding was that while SPM patients may have improved their 
performance on SPM assessment measures from pre-treatment to post-treatment, this 
improvement did not transfer to their pre- to post-treatment scores on OM assessment 
measures (nor did OM patients significantly improve their performance on SPM 
assessment measures). These results raise important questions about precisely what the 
SPM and OM assessment tasks are measuring. Are the demands of an untrained task 
simply getting in the ways of patients being able to demonstrate their improved ability 
to comprehend sentences? Or have patients learned more about how to navigate their 
trained task than about true sentence comprehension? 
Interestingly, there does not appear to be a strong association between a given 
patient's "success in treatment" as defined by Kiran et al.- that is, improvement on one 
intensively trained syntactic structure- and her overall improvement across sentence 
structures on the pre- to post-treatment screeners. This lack of association leaves open 
the possibility that overall improvement on the screeners has little or nothing to do with 
whether or not a patient is able to master a particular syntactic structure. What, then, 
actually facilities improvement in sentence comprehension? 
One possible answer to explore is that improvement in sentence comprehension 
is facilitated by the treatment method itself. In other words, perhaps there is some 
element of the SPM treatment method- something the OM treatment method lacks -
that helps to facilitate patients' overall improvement in sentence comprehension. The 
question, then, is this: what does SPM (as a treatment method) include that OM (as a 
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treatment method) does not include? The steps of the protocol are identical for both 
methods and only differ when it comes to the nature of the materials and the way in 
which the patient demonstrates her comprehension. 
Syntactic-Semantic Processing 
Acritical concept to consider when examining treatment methods for syntactic 
comprehension deficits in aphasia is the link between syntax and semantics. The fact 
that individuals with aphasia often can make accurate grammaticality judgments but 
cannot map thematic roles onto a sentence is indicative ofan impairment in connecting 
syntax with semantics, rather than a syntactic impairment alone. Thisconstitutes the 
premise of the mapping theory and is supported by evidence from neuroimaging 
studies (e.g., Kaan & Swaab, 2002). 
In fact, Linebarger (1995) identified the link between syntax and semantics as a 
principle on which to base therapies for syntactic processing. She writes, " .. . the larger 
claim of the mapping hypothesis- that agrammatics are impaired not in the recovery of 
syntactic structure, but in its exploitation- may have important ramifications for 
aphasia therapy. It suggests that the appropriate focus of therapeutic efforts may lie in 
training patients to make the link between syntactic and semantic information, rather 
than building fluency in the processing of syntactic information per se" (p. 82). 
As it happens, numeroussentence comprehension treatment methods 
emphasizingthe link between syntax and semantics have already been developed (e.g., 
Byng, 1988; Jones, 1986; Crerar, Ellis, & Dean, 1996). Patients in all of these studies have 
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shown improvement in sentence comprehension abilities, suggesting that therapies that 
focus on helping patients strengthen the links between the syntax and semantics of a 
sentence are indeed effective in facilitating sentence processing. Therapy targeting 
syntactic production that involves a linking of syntax and semantics has been shown to 
be effective as well. For example, the stimuli used in Verb Network Strengthening 
Treatment (VNeST, Edmonds, Nadeau, & Kiran, 2009; Edmonds & Babb, 2011)consist of 
semantically linked thematic role pairs that aim to activate bothsemantic knowledge and 
syntactic frameworks. 
With this in mind, let us consider the ways in which the SPM and OM treatment 
methods each encourage/require patients to connect syntax with semantics. Earlier in 
this paper a potentially important difference between the respective levels of visual 
representation provided to the patient in SPM and OM (both the assessment tasks and 
the treatment methods) was mentioned. This difference is thatwhile the SPM materials 
consist of visual depictions of full sentence-level meanings, the OM materials consist of 
visual depictions of single nouns only. In other words, while an SPMitem requires the 
patient to engage with a visual semantic representation of the entire sentence (including 
both the noun(s) and the verb(s)), an OM itemonly requires the patient to engage 
withvisual semantic representations of the noun(s). It is not possible to know whether or 
not a patient presented with an OM item does in facttake the additional step of forming 
a mental visual representation of her/hisperceived meaning of the entire sentence, 
including both the noun(s) and the verb(s). Based on this difference, one could conclude 
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that while both SPM and OM require the patient to forge a mental connection between 
syntax and semantics, SPM does so to a greater extent. 
Interestingly, researchin the field of linguistics has also shown strong links 
between semantic and syntactic processing, specifically when it comesto verbs. Pinker 
(1989) pointed out many correspondences between the semantic meanings and syntactic 
behaviors of verbs. Similarly, Levin (1993) produced an extensive catalogue of over 200 
verb classes, the members of which have closely related semantic meanings, in addition 
displaying identical syntactic behaviors. With this in mind, it should be noted that SPM 
items often require verb-specific semantic processing, whereas OM items do not. Kiran 
et al. (2012) only accepted participants who demonstrated good receptive 
comprehension of the nouns and verbs used throughout the study. However, while the 
patients all had a high ability to match auditorily presented single nouns and verbs to 
pictures of their referents, they demonstrated impaired ability in matching auditorily 
presented sentences containing those same noun(s) and verb(s) to pictures. They knew, 
for example, what the verb "kick" means - that it involves one person using their foot to 
strike another person- but were unable to demonstrate comprehension of a sentence 
containing the verb "kick". In the SPM task, then, the patient applies her intact 
knowledge of the semantic meaning of the verb "kick"- and process two visual 
representations of that verb- in order to choose the target picture2• However, in the OM 
2Admittedly, it could also be argued that for each SPM item, the target picture and the foil picture 
share the same verb, and therefore no specific verb knowledge is required of the patient in order 
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task it is possible to avoid verb-specific semantic processing, as there is no need to know 
the precise meaning of the verb "kick" in order to enact the sentence "The boy was 
kicked by the girl". A patient trained in OM could theoretically ignore the semantic 
meaning of the verb and hear the sentence "The boy was kicked by the girl" as "The boy 
was xxxxx-ed by the girl." Again, it appears that SPM may have an advantage over OM 
in terms of how deep it forces the patient to delve into the semantics of a given sentence. 
The SPM Advantage 
Though the above points apply to SPM and OM both as assessment tasks and 
treatment methods, let us return to the possibility that the SPM treatment method has an 
advantage over the OM treatment method in facilitating general improvement in 
sentence comprehension. Recall Cupples and Inglis's (1993) theory that the SPM task is 
difficult for patients because of its high demand on working memory.Recall, too, the 
resource reduction theory set forth by Caplan and colleagues, which posits that 
individuals with aphasia have not lost the ability to extract the semantic meaning of a 
sentence; rather, that they experience a reduced ability to use nonlinguistic processes, 
such as short-term semantic memory, which help make this semantic extraction possible. 
If the SPM task does indeed require a great deal of patients in terms of working 
memory resources, then it may follow that working continually on the SPM task in 
intensive therapy sessions serves to increase this underlying resource, which in turn 
to choose the correct picture. Similarly, it is true that in many SPM pictures one person/object is 
clearly performing an action, while the other is passively receiving it. 
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would facilitate syntactic-semantic processing abilities and, perhaps, ultimately 
effectgeneralized improvement in sentence comprehension. If the OM therapy does not 
place the same processing demands on the patient, however, then this treatment method 
might not result in the same degree of improvement in overall sentence comprehension. 
While there are currently no data to support the theory that the SPM treatment 
method increases aphasic patients' working memory resources and/or syntactic-
semantic processing abilities, this is an area that warrants further study. Much research 
has been conducted in the area of online syntactic-semantic processing of complex 
sentences in unimpaired subjects (e.g., Tanenhaus et al., 1995; Farmer, Anderson, & 
Spivey, 2007), and it is clear from these studies that working memory is important to the 
process of determining the semantic meaning of a sentence within the confines of 
syntactic constraints, especially when a visual field of objects is involved. The 
importance of both working memory and syntactic-semantic processing in aphasic 
patients should be further explored in order to uncover more about the true nature of 
sentence comprehension deficits in aphasia, as well as to develop optimal treatment 
method(s) to target these impairments. 
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CONCLUSIONS 
The finding that SPM patients' significant improvement as a group on trained, as 
well as on untrained, sentence types suggests that intensive treatment using a method 
adapted from the SPM assessment task may facilitate improvement not only on a trained 
syntactic structure but on overall sentence comprehension. Likewise, the finding that 
patients trained on the OM treatment method did not, as a group, achieve significant 
improvement on the eleven untrained structures suggests that the OM task is not as 
effective in facilitating improvement in sentence comprehension. Differences in the level 
of working memory resources and syntactic-semantic processing required by each task 
may be implicated in these results. Future research in this area should continue to 
investigatethe ways in which task demands -in terms of both syntactic-semantic 

















3 Noun Phrase 




3 Noun Phrase 







The helicopter trapped the airplane. 
The niece seemed to the wife to be pushing the boy. 
It was the bike that the tank chased. 
The man convinced the king to follow the wife. 
The daughter who the nephew rescued poked the uncle. 
The boy was nudged by the aunt. 
The man said that the boy kissed him. 
The mother said that the girl kicked herself. 
The nephew pledged to the grandmother to hug the 
niece. 
The woman was drowning. 
The girl said that the aunt fed the man. 
The girl who the husband of the woman kicked touched 
the boy. 
Example 
The father said that the boy hugged the aunt. 
The train that the door of the car scratched destroyed the 
helicopter. 
The man was spinning. 
The bike was dragged by the car. 
It was the husband who the wife tickled. 
The diamond that the saw cut destroyed the ball. 
Treatment Items (Each patient was assigned to one of these structures and worked 






The king was healing. 
The cannon was scratched by the truck. 
It was the water that the blanket covered. 
The husband who the girl greeted bit the wife. 
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APPENDIXB 
Examples of SPM and OM Visual Stimuli 
TARGET SENTENCE: (object cleft): It was the aunt who the man kissed. 
SPM: Target Picture SPM: Foil Picture 
OM" dolls" 
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TARGET SENTENCE (object relative):The brother who the sister lowered kicked the mother 
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